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1.2        HYDROLOGIC  PROGRAM 


Rio  Blanco  Oil  Shale  Project  is  conducting  the  hydrologic  program 
to  provide  the  data  for  the  following  determinations:   hydrologic 
environmental  baseline;  aquifer  characteristics;  and  quality  and 
quantity  of  water  expected  to  be  produced  from  various  mining 
plans.   To  accomplish  these  objectives,  the  program  has  been 
divided  into  the  nine  tasks  listed  below. 

1.2.1  -  Surface  Water  Monitoring  Stations 

1.2.2  -  Surface  Water  Data  Collection 

1.2.3  -  Alluvial  Aquifer  Monitoring 
1.2.^  -  Deep  Aquifer  Drilling  Program 

1.2.5  -  Deep  Aquifer  Completion  Program 

1.2.6  -  Upper  and  Lower  Aquifer  Pumping  Tests 

1.2.7  -  Deep  Aquifer  Monitoring 

1.2.8  -  Data  Input  to  Mathematical  Model 

1.2.9  -  Dewatering  Analysis 

The  status  or  progress  of  each  of  the  nine  specific  tasks  is 
summarized  and  results  for  Sections  1.2.2,  1.2.3,  1.2.6  and 
1.2.7  are  interpreted  in  this  text.   Additional  detailed  infor- 
mation on  Sections  1.2.1,  1.2.2,  1.2.3,  1.2.^  and  1.2.5  was 
presented  in  RBOSP  Progress  Report  2.   RBOSP  Progress  Report 
3  is  divided  into  three  major  categories.   They  are:   The  Summary 
Report;  The  Interpretive  Text  and;  Raw  Data  Volumes  I,  II, 
and  III. 

Hydrologic  data  collection  began  with  the  drilling  and  coring 
operations  by  Rio  Blanco  Oil  Shale  Project  in  July  1 97^ -   Pre- 
vious hydrologic  baseline  data  collected  in  the  area    is  con- 
tained in  "Phase  II,  Preliminary  Dewatering  Analysis  Report, 
Cameron  Engineers,  November,  1972"  and  "Phase  II,  Preliminary 
Hydrogeologic  Report  for  AMOCO,  December,  1973,"  and  RBOSP 
Progress  Report  2,  Section  1.2  Hydrologic  Program.   Wright 
Water  Engineers,  Inc.,  Denver,  Colorado,  has  been  compiling 
the  hydrologic  data  on  behalf  of  Rio  Blanco  Oil  Shale  Project. 
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1.2.1       SURFACE  WATER  MONITORING  STATIONS 

The  Rio  Blanco  Oil  Shale  Project  has  contracted  with  the  Colorado 
River  Water  Conservation  District  to  have  the  Water  Resources 
Division  of  the  U.  S.  Geological  Survey  build  and  operate  seven 
surface  gaging  stations;  this  is  in  order  to  establish  an  environ- 
mental baseline  for  the  surface  hydrology.   Six  of  the  seven  gag- 
ing stations  have  been  monitoring  water  flow  since  March,  197*+. 
Specific  conductance  and  temperature  were  monitored  periodically 
from  March,  197*+,  to  November,  197**,  at  which  time  continuous 
monitoring  equipment  for  specific  conductance  and  temperature  was 
installed  in  the  six  stations.   The  seventh  gaging  station, 
located  at  the  mouth  of  "Rinky  Dink"  Gulch,  has  been  used  to 
monitor  water  flow  since  November,  197*+.   Automatic  sediment 
samplers  have  been  installed  in  order  to  collect  data  on  the 
sediment  load  of  the  stream. 

Semi-monthly  water  samples  are   collected  from  the  seven  gaging 
stations  given  in  Table  1.2-1  and  are  analyzed  for  various 
chemical  constituents.   Table  1.2-2  gives  the  schedule  for  the 
collection  and  analysis  for  the  chemical  constituents.   The 
resultant  data  is  discussed  in  Section  1.2.2  of  this  report. 
Figure  1.2-1  shows  the  locations  of  the  surface  water  and  rain 
gaging  stations. 

The  USGS  has  installed  six  rain  gaging  stations  in  addition  to 
the  surface  gaging  stations.   Three  of  these  stations  are  of  the 
storage  type  gages;  precipitation  is  collected  and  hand  measured 
at  regular  intervals.   These  three  stations  are   associated  with 
the  surface  gaging  stations  at  Dry  Fork,  Box  Elder  and  Corral 
Gulch  west  of  the  tract.   The  remaining  three  rain  gages  are   of 
the  recording  type  in  that  a  precipitation  rate,  for  example, 
inches  per  hours,  can  be  monitored.   One  of  these  stations  is 
located  west  of  the  tract  near  the  drainage  divide  of  Cathedral 
Bluffs.   The  second  station  is  located  at  the  surface  gaging  sta- 
tion near  the  mouth  of  Yellow  Creek.   The  third  is  located  at  the 
Stake  Springs  Draw  surface  gaging  station. 
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TABLE  1.2-1 


LOCATION  AND  USGS  IDENTIFICATION  NUMBERS 
FOR  SURFACE  AND  RAIN  GAGING  STATIONS 


USGS  Identification 
number 

09306237 

09306235 

09306240 

09306242 
09306200 

09306255* 

09306241 


Location 


Dry  Fork  near  west  line  Tract  C-a 

Corral  Gulch 
near  v/est  line  Tract  C-a 

Box  Elder  Gulch  near  west  line 
Tract  C-a 

Corral  Gulch  east  of  Tract  C-a 

Stake  Springs  Draw  near  confluence 
with  Corral  Gulch 

Yellow  Creek  near  White  River, 
Colorado 

"Rinky  Dink"  Gulch  near  east  line 
Tract  C-a 


09306235 

09306237 
09306240 


09306230 
09306255 
No  number 


Rain  Storage-Type  Gages 

Corral  Gulch 
west  1 ine  Tract  C-a 


near 


Dry  Fork  near  west  line  Tract  C-a 

Box  Elder  Gulch  near  west  line 
Tract  C-a 

Recording  Rain  Gage 

Stake  Springs  Draw  near  confluence 
with  Corral  Gulch 

Yellow  Creek  near  White  River, 
Colorado 

Cathedral  Bluffs  located  in  NW-1/4, 
NW-1/4,  Sec.  14,  R100W  T2S,  R100W 


Was  given  incorrectly  in  RBOSP  Progress  Report  2-Summary 
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TABLE  1.2-2 
DATA  COLLECTION  SCHEDULE  FOR  STREAM  GAGING  STATIONS 


Continuously  or  Automatically 

Flow  Rate 

Sediment  Discharge 
Temperature 
Specific  Conductance 

Periodically 

Storage  Rain  Gages 
Recording  Rain  Gages 


Semi-Monthly 

Water  Samples  Analyzed  For 

Barium 

Boron 

Calcium 

Chromium  (Hexavalent) 

Copper 

Fluoride 

Iron 

Lithium 

Magnesium 

Potassium 

Selenium 

Silica 

Sodium 


Sulfate 
Zinc 

Ammonia 

Bicarbonate 

Carbonate 

Chloride 

Color 

Dissolved  Solids 

Kjeldahl  Nitrogen 

Nitrate 

Nitrite 

Odor 

Oil  and  Grease 


Turbidity 

Dissolved  Oxygen 

PH 

Arsenic 

Cadmium 

Lead 

Manganese 

Mercury 

Total  Phosphate 

Ortho  Phosphate 

Cyanide 

Sulfide 


Quarterly 

Sample  and  Analyze 

COD 

Fecal  Col i form 

Pesticides 

Polycyclic  Aromatics 


Radioactivi  ty 
Gross  Alpha 
4  Picocuries/1 
Ra226 

Gross  Beta 
100  Picocuries/1 
Tn230 

Uranium 


Spectrographs  Scan 

67  Elements 
TOC 

10  mg/1 

DOC 

SOC 

Phenols 

Sul fur 

Nitrogen 
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1.2.2      SURFACE  WATER  DATA  COLLECTION 

The  first  water  data  were  collected  on  March  1*4,  197**,  consisting 
of  water  flow  records.   Conductivity  and  temperature  have  been 
monitored  from  November,  197^,  to  the  present.   Table  1.2-2  shows 
the  sampling  intervals  and  types  of  data  being  collected  for  each 
of  the  seven  surface  water  gaging  stations.   In  Volume  I,  Raw 
Data,  Section  1.2.2  is  the  USGS  computer  printout  for  the  various 
chemical  constituents  analyzed  by  the  USGS  laboratories  in  Salt 
Lake  City,  Utah.   Figures  1.2-2  through  1.2-4  are   plots  of  the 
instantaneous  discharge  and  specific  conductants  reported  from 
these  computer  printouts  and  Figures  1.2-5  through  1.2-7  are  plots 
of  boron  and  fluoride  concentration. 

The  data  received  from  the  USGS  on  the  three  recording-type  pre- 
cipitation gaging  stations  are   given  in  Volume  I,  Raw  Data, 
Section  1.2.2  and  plotted  on  Figures  1.2-8  through  1.2-10.   To 
date,  no  data  have  been  received  from  the  USGS  on  the  storage- 
type  rain  gages.   When  information  is  available,  it  will  be  in- 
cluded in  the  appropriate  progress  report.   The  provisional  data 
sheets  supplied  to  us  on  the  continuous  monitoring  of  surface 
flow,  temperature  and  conductivity  do  not  agree  with  the  instan- 
taneous surface  flow  data  on  the  USGS  computer  printout;  there- 
fore, no  graphs  or  analyses  have  been  made  on  this  continuous 
data.   At  such  time  when  the  USGS  provides  us  with  the  final 
copies  of  their  continuous  data,  it  will  be  reported  in  the  appro- 
priate quarterly  report. 

Precipitation  records  from  January  through  May,  1975,  indicate 
widespread  peak  moisture  falls  over  the  tract.   Some  correlation 
between  gaging  stations  in  late  January,  late  March,  and  early 
and  late  May  is  possible,  which  indicates  widespread  moisture  fall 
during  these  periods.   Corresponding  peak  amounts  between  stations 
vary  however,  indicating  local  amounts  differ  substantially.   In- 
stantaneous peak  amounts  occurred  in  May  and  ranged  up  to  .8*4- 
inches.   Cumulative  precipitation  appears  to  reach  a  peak  in  March, 
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though  instantaneous  peak  amounts  generally  increase  steadily 
through  late  April.   Precipitation  becomes  either  a  recharge 
source  for  alluvial  and  deep  aquifer  systems,  surface  runoff, 
or  it  evaporates.   Since  a  major  portion  of  precipitation  from 
January  through  May  was  snowfall,  a  large  portion  was  evap- 
orated or  sublimated.   Figures  1.2-8  through  1.2-10  show  pre- 
cipitation data  available  to  date. 

Of  the  seven  surface  water  gaging  stations,  only  three  have 
reported  discharge  in  1975.   These  include  Corral  Gulch  below 
Water  Gulch  near  the  west  boundary  of  Tract  C-a,  Corral  Gulch 
just  east  of  the  tract,  and  Yellow  Creek  near  the  confluence 
with  the  White  River.   The  other  monitored  streams  are    inter- 
mittent in  that  they  only  flow  during  spring  snowmelt  and  run- 
off during  heavy  rains.   The  discharge  in  Corral  Gulch  on  the 
western  tract  boundary  presently  is  influenced  by  spring  snow- 
melt  runoff.   Corral  Gulch  also  receives  water  where  the  stream- 
bed  gradient  is  close  to  the  water  table.   A  spring  in  Section  5 
that  is  tributary  to  Corral  Gulch  appears  to  flow  year  around. 
These  flows  are  intermittent  downstream  due  to  changes  in  the 
volume  of  artesian  flow  and  variation  in  the  water  table  level. 
Both  Corral  Gulch  east  of  the  tract  and  Yellow  Creek  flow  through- 
out the  year. 

Box  Elder  Gulch  has  intermittent  flow  due  to  fluctuations  in  water 
table  level.   The  source  of  flow  for  this  gulch  is  runoff,  or  when 
the  water  table  is  high  enough  to  intercept  the  streambed  gradient 
Figures  1.2-2  through  } ,2-k    show  plots  of  data  to  date.   A  review 
of  the  data  from  the  Corral  Gulch  surface  gaging  station  indicates 
a  peak  flow  of  about  3   cfs  occurring  in  May,  1975.   Yellow  Creek 
near  the  White  River  had  a  peak  discharge  in  March,  197*+,  as  well 
as  May,  197*+,  and  in  1975  a  peak  discharge  appears  to  occur  in 
early  March.   These  highs  appear  to  correlate  with  high  precipita- 
tion values  recorded  in  the  area.   Box  Elder  Stream  Gaging  Station 
also  recorded  a  peak  flow  during  May  of  197*+-   Flow  has  not  been 
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recorded  since  mid-June,  197^>  in  Box  Elder  Gulch.   Other  peak 
values  in  early  spring  can  be  attributed  to  high  snowmelt  rates. 
During  the  summer  months,  frequent  isolated  flow  peaks  occur 
that  cannot  be  correlated  from  one  station  to  another.   This  is 
due  to  the  local  thunder-shower  nature  of  summer  precipitation. 

Conductivity  has  remained  relatively  stable  at  1100  umhos/cm  in 
Corral  Gulch,  with  low  values  occurring  during  peak  runoff  times. 
A  peak  value  of  about  1750  umhos/cm  occurs  in  April,  1975,  which 
coincides  with  initiation  of  G-S  D 1 9  pumping  and  discharge  into 
Corral  Gulch.   In  Yellow  Creek  near  the  White  River,  conductivity 
fluctuates  around  3500  umhos/cm,  with  low  values  of  about  2100 
umhos/cm  occurring  during  peak  runoff  points,  and  a  high  of  4500 
umhos/cm  during  April.   Figures  1.2-2  through  1.2-^  show  conduc- 
tivity values  for  the  stream  gaging  stations. 

Tables  1.2-3  through  1.2-5  show  water  quality  analysis  for  the 
reporting  period  from  the  stream  gaging  stations. 
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TABLE  1 .2-3 
SUMMARY  WATER  ANALYSIS 
STREAM  GAGING  STATION,  USGS  09306235 
CORRAL  GULCH  NEAR  WEST  LINE  TRACT  C-a 


479775  VI VI 3 
1430    1045 

1.  Alkalinity 

324 

291 

2.  Aluminum 

uo/n 

— 

— 

3.  Ammonia  ( nig/ 1 ) 

.12 

.04 

4.  A--omatics,  Polycyclic 

— 

— 

5.  Arsenic  {iW  1 ) 

4 

4 

6.  Barium  (uq/ 1 ) 

-100 

100 

7.  Beryllium  (uq/ 1  ) 



— 

8.  Bicarbonate  (mq/1) 

395 

355 

9.  Bismuth  (uq/1  ) 



10.  Boron  (uq/1) 

90 

90 

1 1 .  Cadmium  (uq/  1  ) 

1 

0 

12.  Carbonate  (mg/1 ) 

0 

0 

13.  Carbon  Dioxide  (mq/1) 

2.0 

11 

14.  Chloride  jinq'1} 

7.8 

8.3 

15.  Chromium  (uq/1 ) 

0 

16.  Cobalt  (uq/lj 

17.  COD 

1C.  Col i form.  Total  J  Fecal 

19.  Color  (PVC) 

9 

10 

20.  Conductivity.  Soecific 

1C20 

HOC 

21 .  Copper  (uq/1 ) 

8 

2 

22.     Cyanide  (rnn/l ) 

100 

.01 

23.  Discharge  (CFS] 

24.  Discharqe,  Instantaneous 

.04 

.02 

25.  Dissolved  Oxygen  (mg/1) 



8.7 

26.  Fluoride  (mo/1) 

.2 

.2 

27.  Gallium  (uq/1  ) 

28.  German  iui,.  (uq/1) 

29.  Hardness  (Ca,  Mq)  (mq/1) 

460 

420 

30.  Hardness,  Non-Carbonate  (mq/1) 

140 

130 

31.  Iron  (uq/1) 

50 

20 

32.  Kjeldahl  Nitroqen  (mg/1) 

■■ 

.30 

33.  Lead  (uq/1) 

0 

1 

34.  Lithium  (ua/1  ) 

20 

20 

35 .  Maqnes  i  um  pq/ 1 ) 

60 

56 

36.  ftanqanese  (uq/1 ) 

0 

37.  Mercury  (uq/1) 

y 

\.o 

.00 

38.  Molybdenum  (uq/1) 



39.  Nickel  (uq/1) 





40.  Nitrate  (mq/1} 

*  "• 

2.2 

41.  Nitrite  (mq/lj 

.00 

.00 

42.  Nitrite  Plus  Nitrate   (mq/1) 

- . 

H 

43.  Nitroqen,  Airmonja 

,09 

.03 

44.  Odor  (Severity) 

l 

0 

45.  Oil  J  Grease  (mg/1) 

3 

0 

46.  Ortho-Phosphate  (mq/1) 

.06 

.06 

47.  Ortho-Phosphorus  (mq/1) 

.02 

.02 

48.  Pesticides 

49.  PH 

8.5 

7  ' 

50.  Phosphorus.  Total  (mq/1) 

1.3 

r03 

51.  Potassium  (ma/1) 

1.6 

1.5 

5?   Selenium  (ua/1) 

4 

4 

53   Silica  (mo/1) 

19 

18 

54   Silver  (ua/1) 

I 

55.  Sodium  (mq/1  ) 

86 

91 

56.  Sodium  Adsorption  Ratio 

1.7 

1.9 

57.  Sodium  (;) 

29 

22 

58.  Solids.  Dissolved  (mq/1) 

- 

719 

59.  Solids,  Dissolved  T/0 

JH 

.04 

60.  Solids,  Dissolved  T/Ac-Ft 

.99 

.93 

61   Solids.  Suspended 

62.  Strontium  (uq/1 ) 



— 

63.  Sulfate  (mq/1) 

2.70 

?90 

64   Sulfide   I**}'') 

.2 

.0 

65.  Temperature  (°C) 

2.0 

?0  0 

66.  Tin  (uq/1) 

67.  Titanium  (uq/1 

— 

— 

68.  Turbidity    J 

UJ 

450 

18 

69.  Vanadium  Cuq/lJ 



70.   Zinc  (uq/1 

20 

0 

71.  Zirconium  (uq/1) 

... 



72.  Calcium  Xn'i/1  J 

85 

rfi 

73.  Complete  Element  Span 

74.  Radioactivity 

Gross  Alpha  (pcil 

Radiuii  226* 

Gross  Beta 

Thorium  230** 

Uranium** 

75.  Total  Orqanic  C 
If  TCC  -10  mc 

arbon  (mg/1  J 

... 

— 

/liter,  then 

Nitroqen  [Base  Extraction] 

Organic  Carbon,  Dissolved 

Organic  Carbon,  Suspended 

Phenol  •> 

Sulfur  (Acid  Extraction) 

'°-                  Ortho-Phnsnhorous 

.45 

.04 

_ 

77.   Phosphate 

— 

.09 

1 

TABLE    1.2-4 

SUMMARY  WATER  ANALYSIS 
STREAM  GAGING  STATION,  USGS  093062^2 
CORRAL  GULCH  EAST  OF  TRACT 


Date 

Time 

l."2//5 

3/25/7 

4/9/7- 

4/9/7: 

,  ..  .. 

■■'■.:■■ 
■  ■  :\ 

15/23/7' 
\&.->.n 

1.  Alkalinity  (mq/1) 

4!  7 

— 

503 

421 

668 

2.  Aluminum  (uq/1 ) 

?n 





3.  Ammonia  (mq/1 ) 

.23 





i: 

.15 

.03 

22 

4.  Aroma  tics,  Polycyclic 

5.  Arspnir  (uq/1) 

6 





7 

7 

5 

9 

6.  Barium  (uq/  1  ) 

50 





1 

inn 

7.  Beryl  1 ium  (uq/1  ) 

2 

r  . 

8.  Bicarbonate  Lmq/ll 

538 



a  n 

513 

815 

9.  Bismuth  (uq/1) 

5 





10.  Boron  (uq/1) 

100 



. 

X?(\ 

550 

150 

670 

.11.  Cadmium  (uq/1) 

V 



i 

1 

0 

12.  Carbonate  (mrj/l) 

0 





r\ 

0 

D 

13.  Carbon  Dioxide  (ng/1) 

13 





7 .. 

f . . 

65 

13 

14.  Chloride  (mq/1 

8.9 





1! 

i  b 

11 

15 

15.  Chromium  (uq/1 

'5 





0 

0 

0 

0 

16.  Cobalt  [uq/1) 

.5 







17.  COD 

94 







— 

— 

— 

18.  Coliform,  Total  J  Fecal 

19.  Color  (PVC) 

8 





5 

0 

5 

6 

20.  Conductivity.  Specific 

1200 





1  ' 

1550 

1300 

1550 

21.  Copper  (uq/1) 

I 





3 

c 

1 

1 

22.     Cyanide  (mq/1) 

.00 



no 

.01 

.01 

.02 

23.  Discharqe  (CFS) 

24.  Oischarqe,  Instantaneous 

.34 





i  l 

1.3 

.46 

3.  1 

25.  Dissolved  Oxyqen  (mg/1) 

9.0 



5.4 

5.4 

7.3 

8.0 

8.1 

26.  Fluoride  (mq/1) 

.4 



in 

*.  3 

.4 

2.8 

27.  Gallium  (uq/1) 

'D 



... 

... 

... 

... 

28   German iur..  (uq/  1 ) 

t 



— 

— 

— 

29.  Hardness  (Ca.  Mq)  (mq/1 ) 

520 





Kfl 

380 

430 

390 

30.  Hardness,  Non-Carbonate  (mq/1) 

M 





0 

0 

58 

0 

31.   Iron  (uq/1) 

fio 

. .  _ 

... 

3.1 

10 

''P 

3n 

32.  Kjeldahl  Nitroqen  (mq/ 1  ) 

.67 





2.4 

1.1 

■ 

2.2 

33.  Lead  (uq/1) 

\ 



.  -  . 

? 

fi 

1 

1 

34.  Lithium  (un/1) 

14 





10 

So 

10 

20 

35.  Maqnesium  fmq/1 1 

70 





s? 

55 

63 

53 

36.  Manqanese  (uq/1) 

43 





0 

10 

?p 

6 

37.  Mercury  (uq/1) 

.0 



.3 

0 

0 

38.  Molybdenum  (uq/1  ) 

30 







39.  Nickel  (uq/1) 

;i 

— 

— 

— 







40.  Nitrate  (mq/11 

i  •> 

— 

1.2 

1.5 

1.4" 

3,0 

41.  Uitrite  (mq/1) 

.07 





... 

.10 

.00 

03 

42.  Nitrite  Plus  Nitrate  (mq/1) 

.28 





.73 

.35 

.32 

.65 

43.  Nitroqe".  Aimonja 

.22 





?7 

IjJ 

.02 

.17 

44.  Odor  fs#v*ruy) 

L_ 

t 

2 

h^ 

0 

1 

45.  Oil  8  Grease  (mq/1 ) 

4 

2 

3 

0 

2 

46.  Ortho-Phosphate  (mq/1) 

.?.: 



... 

06   ' 

12 

-J; 

]? 

47.  Ortho-Phosphorus  [mq/1] 

_  ■ 





02 

.OS 

,61 

48.  Pesticides 

49.  pH 

7.8 





A  3 

3.? 

7.1 

8.0 

50.  Phosphorus.  Total  (mq/1) 

.37 



fin 

*9 

n^ 

Al 

51   Potassium  (mo/1) 

1.4 





?  3 

2 

1.8 

i.i 

52   Selenium  (uq/1 ) 

2 





7 

1 

2 

5 
c 

53   Silica  (mq/1) 

13 



10 

19 

21 

20 

54   Silver  (uq/1) 

0 

— 

— 

... 

55   Sodium  (mq/1  ) 

110 



... 

am 

240 

120 

^?50 

56   Sodium  Adsorption  Ratio 

2.1 



5  8 

5  4 

2.4 

5.5 

57.  Sodium  (*.) 

32 





64 

58 

35 

58 

58.  Solids,  Dissolved  [mq/1) 

Mfl 





114/1 

1040 

R50 

in?n 

59.  Sol  ids.  Dissolved  T/D 

.77 

. 

... 

3  5? 

I  71 

1  06 

*  54 

60.  Solids,  Dissolved  T/Ac-Ft 

1.14 





1.55 

1  41 

1  16 

1  ,1° 

61.  Solids.  Suspended 

62.  Strontium  (  q/1 ) 

lsnn 











m 

63   Sulfate  (n> 

290 





240 

.... 

200 

64   Sulfide    -*!■ " 

.0 



_ 

1 

.0 

.2 

.2 

65.  Tempera tu  •  (°C) 

8.0 





7.0 

13.0 

14.0 

11.0 

66.  Tin  (uq/lj 

<5 

— 

— 

— 

— 



67.  Titanium  (uq/1) 

<< 

... 

... 

... 

... 

... 

... 

68.  Turbidity    JIU) 

IOQO 





740 

50 

1 

120 

69.  Vanadium  (uq/ 1 ) 

3.0 

— 

— 

— 

— 

-. 

70.  Zinc  (uq/1) 

0 

— 



40 

10" 

6 

lo 

71.  Zi  rconium  (uq/1 ) 

(9 

... 

... 

... 

... 

... 

72.  Calcium  (mo/1) 

9G 

— 

— 

BO 

DD 

BU 

b3 

73.  Comolete  Element  Span 

74.  Radioactivity 

Gross  Alpha  (pci ) 

(10 

... 

... 

... 

... 

... 

... 

Radium  226* 

Gross  Beta 

ff.4 

— 

— 

— 



— 



Thorium  230** 

Uranium** 

75.  Total  Orqanic  Carbon  (_mg/JJ 

9.3 

... 

— 

— 

... 

... 

... 

If  TCC  -10  mq/1 iter,  tnen 

Nitrogen  (Base  Extraction] 

Ornanii_  Carbon,  Dissolved 

Organic  Carbon^  Suspended 

Phenols 

5'ilfur  (Acid  Extraction) 

76.    Tod  Orth>:'i-isnhorous 

.11 

... 

— 

.58 

.  .3 

.06 

.04 

77.  Phosphate 

--- 

--- 

... 

--- 

1.  3 

.15 

.3 

10 
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TABLE  1 .2-5 
SUMMARY  WATER  ANALYSES 
STREAM  GAGING  STATION,  USGS  09306255 
YELLOW  CREEK  NEAR  WHITE  RIVER 


Date 
Time 

1/1277= 
1400 

3/2677 

ioin 

;  4/5/7 

120(1 

■ 

4/23/7 
1  ",00 

1 1  on 

— ^— 

1.  Alkd!  init-.y  (mq/1 ) 

13  30 

1330 

1380 

1530 

1220 

... 

2.  Aluminum  [vnJ\  ) 

15(1 

— 

3.  Ammonia  (irg/  i ) 

.00 

.22 

.24  • 

.30 

r 

.08 

4.  Aromatics,  Polycyclic 

5.  Arsenic  ('J"/!) 

5 

3 

1 

5 

F, 

5 

6.  Barium  (uq/  1  ) 

200 

100 

•  100 

300 

*nn 

7.  Beryl  1  iuffl  (uq/1  ) 

<4 

— 

— 

— 

8.  Bicarbonate  fmq/1) 

1620 

1210 

1430 

930 

non 

i*in 

9.  Bismuth  (uq/1 ) 

0  5 

— 

... 

10.  Boron  (uq/I) 

550 

630 

680 

i ;. 

cm 

640 

11.  Cadmium  fug/ 1 ) 

<170 

0 

0 

c 

i 

7 

12.  Carbonate  (nig/  1 ) 

0 

203 

97 

1 

>37 

13.  Carbon  Dioxide  (mq/1) 

10 

5.2 

4.3 

6.  2 

3.5 

5.4 

14.  Chloride  (mq/n 

130 

110 

13C 

130 

120 

120 

15.  Chromium  (uq/1; 

<15 

0 

0 

0 

0 

0 

16.  Cobalt  (uq/1) 

<15 

— 

— 

— 



17.  COD 

7 

... 

... 

... 



... 

18.  Coliform,  Total  4  Fecal 

19.  Color  (PVC) 

3 

10 

3 

2 

4 

3 

20.  Conductivity.  Soecific 

3500 

1600 

3250 

3400 

«nn 

ioon 

21.  Copper  (u'j/1) 

5 

0 

3 

1 

7 

. 

22.  Cyanide  (mo/1 ) 

.00 

.60 

— 

.00 

.oq 

.. 

21.  Discharqe  (CFS) 

— 

... 

... 

24.  Discharqe,  Instantaneous 

2.9 

2.2 

1.2 

3.3 

1  a 

1  7 

25.  Dissolved  Oxyjen  (mg/1  ) 

8.5 

10.6 

10.4 

9.1 

B-fi 

7  6 

26.  Fluoride  (nq/1 ) 

2.0 

i.9 

1.2 

1.6 

2  1 

■>    1 

27.  Gallium  (uq/1  ) 

<5 

— 

— 

— 

28.  German i ui .  fuq/  1  ) 

<20 

— 

— 

— 

29.  Hardness  (Ca,  Mq)  (mq/1) 

550 

650 

500 

590 

550 

570 

30.  Hardness,  Non-Carbonate  (mq,  1  ) 

0 

0 

0 

0 

0 

0 

31.  Iron  (un/1 ) 

65 

20 

10 

10 

30 

40 

32.  Kjeldahl  Nitroqen  (mq/1 ) 

.17 

.71 

... 

2.6 

.60 

.30 

33.  Lead  (uq/1) 

<16 

0 

0 

0 

q 

4 

34.  Lithium  (un/1) 

160 

120 

120 

L40 

nn 

17(1 

35.  Magnesium  (mq/1. 

110 

130 

98 

120 

130 

120 

36.  Manqanese  (uq/1 

14 

20 

10 

10 

30 

10 

37.  Mercury  (uq/1) 

.0 

.3 

.C 

0 

2 

38.  Molybdenum  (uq/1) 

30 

— 

— 



39.  Nickel  (uq/1) 

<IP  ■ 

— 

... 

— 



40.  Nitrate  (mq/1) 

'  t 

6.6 

9.7 

7.9 

4.4 

2.5 

41.  Nitrite  (mg/lj_ 

.00 

.03 

.03 

.03 

.03 

.03 

42.  Nitrite  Plus  Nitrate  (mq/1) 

7.1 

1.5 

2.2" 

i.  -; 

1.0 

.58 

43   Nitroqen,  Ammonia 

.00 

.17 

.19 

.23 

.00 

.06 

44.  Odor  (Seventy) 

2 

2 

— 

— 

0 

45.  Oil  I   Grease  (mq/1) 

3 

3 

— 

2 

? 

1 

46.  Ortho-Phosphate  (mq/1) 

.15 

.37 

.34 

.15 

12 

<w 

47.  Orthn-Phosphjrus  (mq/1) 

.65 

.12 

.11 

05 

to 

02 

48.  Pesticides 

49.  pH 

8.4 

8.7 

8.8 

8.7 

S.8 

8.7 

50.  Phosphorus.  Total  (mq/1) 

.02 

.13 



.79 

M 

.04 

51.  Potassium  Imq/1) 

4.6 

3.5 

3.8 

I.* 

7.4 

3.9 

5?.  Selenium  (uq/1) 

3 

2 

3 

3 

1 

1 

53   Silica  (nq/1) 

20 

14 

14 

14 

11 

7.1 

54   Sliver  (uq/1) 

a 





55.  Sodium  (mq/1 ) 

Mr' 

700 

6b0 

840 

710 

740 

5fi   Sodium  Adsorption  Ratio 

13 

1? 

13 

15 

13 

13 

57.  Sodium  (  ) 

74 

70 

75 

75 

73 

74 

58.  Solids,  Dissolved  (mq/1 ) 

™ 

2450 

!27C 

2740 

2330 

2430 

59.  Sol  ids,  Dissolved  T/0 

18. £ 

14.6 

7.*6 

25.0 

12.0 

11.2 

60.  Solids,  Dissolved  T/Ac-Ft 

3.16 

3.33 

3.09 

3.73 

' 

3.30 

61   Solids,  Suspended 

62.  Strontium  (uq/1 ) 

3500 

— 

— 

— 

63.  Sulfate  (mq/1 1 

490 

640 

470 

630 

600 

570 

64   Sulfide  l<™}']> 

.0 

.1 

.3 

: 

.1 

.1 

65.  Temperature  (°C) 

9.0 

3.5 

6.0 

9.0 

9.0 

17.0 

66.  Tin  (uq/1 ) 

0  5 

— 

— 

— 

— 

— 

67.  Ti  tanium  (uq/ 1 } 

flO 

... 

... 

... 

... 

... 

68.  Turbidity    Jl'JJ 

3 

85 

3 

400 

56 

18 

69.  Vanadrjm  (uq/1 ) 

«  n 

— 

— 

— 

— 

— 

70.  Zinc  (uq/1) 

6 

6 

21 

0 

6 

71.   Zi  rconium  (uq,  1  ) 

1\ 

... 

... 

... 

... 

... 

72.  Calcium  (mq/1) 

37 

45 

37 

40 

r.C 

3i 

73.  Complete  Element  Span 

74.  Radioactivity 

Gross  Alpha  (pci ) 

<3fi 







.  . . 

Radium  226* 

Gross  Beta 

8  fl 









Thoriun  230** 

Uranium** 

75.  Total  Omanic  Carbon  ^mc  1) 

4.7 

--- 

... 

... 

... 

... 

If  TOC  >10  mq/1 iter,  •• 

ilitroqen  (Base  Extraction)^ 

Organic  Carbon,  Dissolved 

Organic  Carbon^Suspemied 

Pheno  1  s 

Sulfur  (Acid  Extraction) 

76.    Tctal  Ortho-Phosphorous  [no  lj 

u6 

12 

30 

.42 

.01 

01 

77,_   Phosphate 

— 

— 

— 

23 

.12 

78.   Phosphorus,  Dissolved 

...   | 

... 

— 

— 

... 

1 1 
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Figure  1.2-5 
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Figure   1.2-8 
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Fiaure    1.2-10 


1.2.3      ALLUVIAL  AQUIFERS 

A  variable  thickness  of  alluvial  material  occurs  in  most  of  the 
valley  bottoms.   Depths  ranging  from  0  to  1^+0  feet  have  been 
measured.   Seven  alluvial  monitor  holes  have  been  completed  and 
are  reported  in  Cameron  Engineers  Inc.  report  titled,  "Summary 
and  Basic  Data,  Shallow  Ground  Water  Program,  Seven  Alluvial  Test 
Wells,  Federal  Oil  Shale  Tract  C-a,  Rio  Blanco  County,  Colorado, 
for  Rio  Blanco  Oil  Shale  Project  Gulf-Standard  (Indiana)."   (See 
Appendix,  Progress  Report  2,  Section  1.2.)   These  seven  holes  are 
shown  on  the  attached  map.   To  date,  only  four  of  these  alluvial 
monitor  holes  have  recorded  any  water.   The  other  three  have  re- 
mained dry.   These  four  holes  are  G-S  S7,  G-S  S8,  G-S  S-ll,  and 
G-S  S12.   Figures  1.2-11  through  1.2-18  show  the  water  levels, 
conductivity,  temperature  and  pH  of  the  water  versus  time. 

The  first  water  quality  samples  for  these  four  shallow  alluvial 
monitor  holes,  which  contain  water,  were  collected  in  March,  1975. 
Table  1.2-6  is  a  water  quality  summary.   The  analyses  of  these 
samples  are  shown  in  Volume  I,  Raw  Data,  Section  1.2.3. 

Wet  chemical  results  for  G-S  S7,  G-S  S8,  G-S  Sll,  and  G-S  S12 
cover  April  and  May.   The  spectrographs  analyses  were  not 
received  in  time  for  this  Progress  Report  and  will  be  included 
in  the  next  report.   Long-term  evaluations  are  not  possible  as 
yet;  however,  certain  trends  are   apparent.   Generally,  water  tem- 
perature during  this  period  increases,  possibly  due  to  runoff 
caused  by  spring  ambient  warming.   Conductivity  is  stable  and 
ranges  from  850  umhos/cm  in  G-S  S8  to  near  2000  umhos/cm  in 
G-S  Sll.  Hydrogen  ion  concentration  has  ranged  from  about  6.0  to 
6.8,  with  a  high  value  generally  occurring  in  mid-May,  1975,  and 
lower  values  being  recorded  in  latter  May  and  June.   Temperatures 
fluctuate  from  7-9   C  to  I**  C.  }  with  a  general  warming  trend 
evident  beginning  in  April.   G-S  S7  does  not  exhibit  as  great  a 
variation  as  G-S  S8,  G-S  Sll,  and  G-S  S 1 2 ,  and  has  ranged  from 
8.5  C  in  late  March  to  9.8  C  in  mid-June. 
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TABLE    1.2-6 

SUMMARY   OF  WET   CHEMICAL   WATER  ANALYSES 

ALLUVIAL  ACiUIFER 

TRACT  C-a  AND   VICINITY 

(mg/1) 


No. 

1  terns 

1  tern 

Low 

High 
-0.  100 

Average 
0.0 

Avq. 

Alumi  num 

-=0.  100 

4 

Ammonia 

<0.  100 

1  .000 

0.342 

19 

Arseni  c 

-=0.010 

-=0.010 

0.0 

20 

Bi  carbonate 

370.000 

710.000 

555.750 

20 

Cadmium 

-=0.010 

0.030 

0.006 

20 

Cal ci  urn 

28.000 

210.000 

101 .900 

20 

Carbonate 

-=0.  100 

54.000 

9.150 

20 

Chlori  de 

7.000 

71 .ooo 

19.045 

20 

Chromi  um 

-=0.050 

-=0.010 

0.0 

20 

Copper 

^0.  100 

0.100 

0.010 

20 

Fl  uori  de 

*0.  100 

0.400 

0.311 

19 

Hydroxi  de 

-- 

-- 

0.0 

0 

1  ron 

-0.050 

28.000 

6.910 

20 

Lead 

0.020 

0.700 

0.211 

20 

Magnes  ium 

3.700 

874.000 

96.600 

20 

Mercury 

-0.010 

-0.010 

0.0 

20 

Nitrate 

0.  100 

13.000 

3.935 

20 

Phosphate 

-=0.  100 

0.  100 

0.005 

20 

Potass  ium 

-- 

-- 

0.0 

0 

Sel eni  um 

-=0.  100 

-=0.010 

0.0 

20 

S  i 1  icon  Dioxi  de 

22.000 

40.000 

30.700 

20 

S  o  d  i  um 

75.000 

300.000 

199.500 

20 

Sul fate 

145.000 

580.000 

365.000 

20 

Sulfide 

-- 

-- 

0.0 

0 

Z  i  nc 

-0.  100 

0.600 

0.212 

19 

Gross  Alpha 

-- 

-- 

0.0 

0 

Gross  Beta 

-- 

-- 

0.0 

0 

Hardness 

280.000 

750.000 

488.750 

20 

PH 

6.000 

6.800 

6.450 

20 

Conductance 

860.000 

1940.000 

1385.300 

20 

Di  ssol ved  Sol i  ds 

640.000 

1460.000 

1085.000 

20 

Manganese 

-0.050 

6.400 

1.372 

20 

Alkal ini  ty 

329.000 

580.000 

464.255 

20 

Cyani  de 

-0.010 

0.010 

0.000 

20 

Boron 

-0.010 

27.000 

3.248 

20 

Bar i  um 

-e  1.000 

-  1 .000 

0.0 

20 

S  i 1 ver 

-0.010 

-0.010 

0.0 

20 

Ni  ckel 

-tO.010 

0.  100 

0.047 

20 

L  i  t  h  i  um 

-- 

-- 

0.0 

0 

Toe 

7.000 

100.000 

35.500 

16 
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Water  levels  in  alluvial  wells  G-S  S7,  G-S  S8,  G-S  Sll,  and 
G-S  S12  have  been  monitored  since  January  17,  1975.   Water  levels 
in  G-S  S7  and  G-S  S12  have  remained  relatively  stable  with  some 
fluctuations  occurring  in  G-S  S7  from  mid-April  to  mid-June,  1975 
G-S  S8  and  G-S  Sll  v/ater  levels  remained  stable  through  mid- 
April,  at  which  time  water  level  rises  began  and  steadily  con- 
tinued through  May,  1975.   The  somewhat  earlier  rise  in  water 
level  in  G-S  Sll  is  noted.   The  continuing  rise  in  G-S  Sll  and 
the  rise  in  G-S  S8  are   most  likely  due  to  percolation  of  spring 
runoff. 
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Figure    1.2-12 
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Figure    1.2-13 
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Figure   1.2-15 
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Figure    1.2-17 
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Figure    1.2-18 


}.2A  DRILLING  PROGRAM 


Specific  hydrologic  baseline  data  collected  during  drilling  is 
contained  in  Section  1.2.4,  Progress  Report  2.   The  following  is 
a  summary  of  this  program. 

Drilling  by       RBOSP  began  with  core  hole  G-S  S6 

during  the  first  week  of  July,  197^.   The  program  was  concluded 
with  the  completion  of  G-S  D 1 9  in  December,  197^+-   Thirteen  core 
holes  were  drilled  for  the  purposes  of  retrieving  core  samples 
to  determine  subsurface  geologic  conditions,  and  for  delineating 
local  and  regional  hydrology.   Four  large  diameter  holes  were 
drilled  for  the  purpose  of  conducting  pumping  tests.   Four  moni- 
tor holes  were  drilled  to  provide  information  about  local  hydrol- 
ogy and  for  ongoing  water  quality  sampling  and  water-level 
monitoring  north  of  the  tract.   A  hydrologic  program  was  con- 
ducted for  each  hole  on  tract  C-a  during  drilling  by 
RBOSP  Water  production  was  monitored  continu- 

ously, while  water  quality  was  determined  at  least  every  30  feet. 

All  measurements  were  taken  with  reference  to  drilling  depth. 
Water  quality  constituents  field  measured  included  pH,  tempera- 
ture, conductivity,  and  in  some  cases,  fluoride,  boron  and  H_S. 
Water  samples  were  collected  and  forwarded  to  an  independent 
laboratory  for  analysis.   An  upper  limit  for  conductivity  was  set 
by  the  area  oil  shale  supervisor  for  water  discharged  during 
drilling.   During  drilling  of  G-S  M2  and  G-S  M3 ,  discharged  water 
conductivity  exceeded  this  limit  and  drilling  was  consequently 
hal ted. 

Normally  an  informal  pump  test  was  conducted  twice  during  core 
hole  drilling.   These  tests  allowed  an  approximate  determination 
of  apparent  transmi ss i vi t ies  and  specific  capacities. 

Bore  hole  geophysical  logs  were  run  on  each  hole  and  included 
spinner  and  temperature  logs.   Interpretation  of  these  logs 
allowed  a  determination  of  flow:   downhole  or  uphole  flow  (gpm) , 
and  zones  of  bore  hole  water  entry  or  discharge  (gpm/ft). 
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1.2.5      COMPLETION  PROGRAM 


RBOSP  Progress  Report  2  described  in  detail  the  completion 
program.   Thirty  holes  (including  pre-lease  holes)  were  com- 
pleted for  deep  aquifer  monitoring.   Twenty-two  of  these  were 
completed  for  upper  and  lower  aquifer  monitoring,  three  for 
upper  aquifer  only,  and  five  for  lower  aquifer  only. 

At  the  request  of  the  USGS  Water  Resources  Division  pre-lease 
core  holes  had  been  left  open  allowing  the  two  aquifers  to 
inter  communicate.   RBOSP  has  either  plugged  and  abandoned 
these  holes  or  converted  them  to  dual  aquifer  monitor  holes. 
This  completion  method  was  used  because  it  allowed  the  greatest 
flexibility  for  additional  testing.   The  dual  monitor  hole 
completion  was  done  by  lowering  a  5£~inch  liner  to  a  depth 
approximately  250  feet  below  the  bottom  of  the  upper  aquifer; 
then  200  feet  of  this  liner  was  cemented  in  place.   The  liner 
above  the  cement  was  removed.   A  2-3/8-inch  tubing  was  used 
to  set  a  tension-type  packer  at  about  30  feet  below  the  top 
of  liner  to  act  as  a  seal  to  isolate  the  two  aquifer  systems. 
To  assure  data  could  be  collected  from  the  upper  aquifer,  a 
second  string  of  2-3/8  or  li-inch  tubing  was  run.   Table  1.2-7 
is  a  revised  Drill  Hole  Completion  Summary. 

G-S  12  and  G-S  k~S   were  completed  as  dual  monitor  holes  but 
were  temporarily  modified  to  serve  as  upper  aquifer  pumping 
test  holes.   This  modification  (in  order  to  effectively  sep- 
arate the  two  aquifers)  entailed  installing  a  temporary  bridge- 
plug  (packer)  in  the  52~inch  liner  (see  construction  Figure 
1-17,  page  1-47,  RBOSP  Progress  Report  2  -  Summary)  so  that 
strata  producing  water  which  was  open  to  the  hole  above  the 
packer  could  be  pump  tested.   Following  the  pump  testing,  the 
holes  were  returned  to  dual  completion  monitor  holes. 
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Table  1.2-7 

DRILL 

HOLE 

COMPLETION  SUMMARY 

- 

Thirty 

On-Tract  Holes 

Drill 

Hole 

Completion 

Drill  Hole 

Completion 

G-S 

1 

U&L 

Am    4 

P&A 

G-S 

2-3 

U&L 

CE  -  701 

Upper 

Aquifer 

Pump  Test 

G-S 

4-5* 

U&L* 

CE  -  702 

U&L 

G-S 

6 

U&L 

CE  -  703 

P&A 

G-S 

7 

P&A 

CE  -  705-A 

Upper 

Aquifer 

Pump  Test 

G-S 

8 

Lower  Aquifer 

Only 

CE  -  707 

U&L 

G-S 

9 

U&L 

CE  -  708 

U&L 

G-S 

10 

U&L 

CE  -  709 

U&L 

G-S 

11 

U&L 

TO     1 

U&L 

G-S 

12* 

U&L* 

TO     2 

U&L 

G-S 

13 

U&L 

TO     3 

Upper 

Aquifer 

Pump  Test 

G-S 

14 

P&A 

G-S  D16 

Lower 

Aquifer 

Pump  Test 

G-S 

15 

U&L 

G-S  D17 

Lower 

Aquifer 

Pump  Test 

Am 

2-A 

U&L 

G-S  D18 

Lower 

Aquifer 

Pump  Test 

Am 

3 

U&L 

Four 

G-S  D19 
Off -Tract  Holes 

Lower 

Aquifer 

Pump  Test 

Drill 

Hole 

Completion 

G-S 

Ml 

U&L 

G-S 

M  2 

U&L 

G-S 

M3 

U&L 

G-S 

H  4 

U&L 
Totals 

Completions  in  Upper  and  Lower  Aquifers .  22 

Completions  in  Upper  Aquifer  Only  3 

Completions  in  Lower  Aquifer  Only  5 

Holes  Plugged  and  Abandoned _4 

Total  Number  of  Holes 34 


Am  =  Amoco  Production  Company 

CE  =  Cameron  Engineers,  Inc. 

G-S  =  Gulf-Standard  (Indiana) 

TO  =  The  Oil  Shale  Company 

U&L  =  Upper  and  Lower  Aquifer  Completions 

P&A  =  Plugged  and  Abandoned 

*Holes  Temporarily  Modified  for  Upper  Aquifer  Pump  Testing 


1.2.6      UPPER  AND  LOWER  AQ.U1  FER  PUMP  I  NG  TESTS 

As  part  of  the  exploration  plan,  as  amended  and  approved  by  the 
area  oil  shale  supervisor,  four  upper  aquifer  pump  tests  and  four 
lower  aquifer  pump  tests  were  conducted.   These  pump  tests  were 
conducted  to  determine  aquifer  characteristics  such  as  transmis- 
sivity,  coefficient  of  storage,  leaky  conditions  and  boundary  and 
recharge  barriers.   The  tests  began  in  January,  1975,  and  were 
concluded  in  June,  1975. 

The  aquifer  tests  included  the  monitoring  of  drawdown  and  recovery 
in  both  the  production  hole  and  all  observation  holes.   Figure 
1.2-19  shows  the  various  hole  locations.   The  water  levels  in  the 
production  holes  were  measured  with  an  air  line  except  for  the 
second  and  third  tests  of  CE  705A  and  G-S  k-5    for  which  an  elec- 
tric water-level  indicator  was  used.   All  observation  holes  were 
monitored  with  an  electric  water-level  indicator  and  are  shown  in 
the  Appendix  of  this  report;  the  back  up  is  presented  in  Section 
1.2.6  of  RBOSP  Progress  Report  3,  Raw  Data.   Production  rates  in 
gallons  per  minute  were  measured. 

Submersible  pumps  were  used.   Pump  installation  diagrams  are  shown 
on  Figures  1.2-20  through  1.2-29-   These  figures  show  the  location 
of  pump  placement  downhole  with  respect  to  the  associated  hole  com- 
pletion technique  and  aquifer  location.   Upper  aquifer  tests  were 
conducted  by  pumping  TO  3,  CE  701,  CE  705A,  G-S  12  and  G-S  k-5. 
Pumping  test  hole  CE  701  was  not  successful  in  that  the  hole  was 
pumped  dry  minutes  after  the  pump  was  turned  on.   No  further  dis- 
cussion of  CE  701  as  a  pump  testing  hole  will  appear.   Following 
the  attempted  pump  test,  CE  701  was  monitored  regularly  as  an  obser- 
vation hole.   Lower  aquifer  pump  tests  were  conducted  at  G-S  D 1 7 , 
G-S  D16,  G-S  D19,  and  simultaneously  at  G-S  Dl 8  and  G-S  D19.   The 
pumping  tests,  including  pumping  rates  and  total  time  pumped, 
are   shown  in  Table  1.2-8.   The  time  required  was  longer  than 
originally  anticipated  due  to  longer  recovery  periods  required 
and  some  mechanical  problems. 
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During  thepumP'n9  tests,  the  temperature,  conductivity,  and  pH 
were  monitored.   The  results  of  these  data  are   shown  in  Figures 
1.2-30  through  I.2-38.   Water  samples  were  also  collected  for  labora- 
tory analysis.   Tables  1.2-9  and  1.2-9A  are   summaries  of  the  wet 
chemical  and  spectographic  analyses,  respectively,  of  water 
samples  from  the  upper  and  lower  aquifers  and  of  samples  of  the 
combined  water  from  both  aqui fers . These  tables  include  data  from 
the  drilling  and  monitoring  program  as  well  as  the  pump  testing 
program.   The  individual  sample  analysis  is  contained  in  Section 
1.2.6  of  RBOSP  Progress  Report  3,  Raw  Data.   The  samples  are 
identified  as  to  the  origin  by  the  name  of  the  hole  from  which 
they  came  and  also  the  method  number  from  each  data  sheet.   The 
drilling  program  is  des ignated  method  number  one  (1).   The  pump 
testing  data  is  designated  method  number  two  (2).   The  monitoring 
program  has  been  designated  method  number  three  (3).   From  time  to 
time  the  fluid  used  during  drilling  was  analyzed  and  has  been  des- 
ignated method  number  zero  (0).   In  future  progress  reports  the 
water  quality  data  will  be  presented  under  Section  1.2.7,  Deep 
Aquifer  Monitoring.   The  water  quality  of  the  upper  aquifer  was 
stable  over  the  pumping  period  except  at  the  initiation  of  pump- 
ing.  This  initial  change  in  conductivity  and  pH  is  due  to  the 
removal  of  fluids  introduced  during  drilling.   For  the  upper  aqui- 
fer, pH  averaged  from  6.8  to  about  7.5  for  the  wells  tested. 

Temperature  fluctuated  during  the  first  stages  of  pumping  and 
tended  to  stabilize  after  a  few  days  of  pumping.   Upper  aquifer 
pumping  tests  in  holes  G-S  12  and  CE  705A  produced  the  lowest 
temperature  water,  averaging  about  ]k   C.   G-S  k-5   produced  water 
at  a  relatively  constant  value  of  17  C.   TO  3,  in  contrast, 
showed  fluctuating  temperature  values  that  averaged  23  C. 

Conductivity  fluctuated  or  dropped  at  the  start  of  most  pumping 
tests  but  stabilized  shortly  thereafter.  In  the  upper  aquifer, 
conductivity  from  G-S  12,  CE  705A  and  G-S  k-5    ranged  from  about 
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1350  umhos/cm  to  1750  umhos/cm.   TO  3,  however,  averaged  higher: 
3500  umhos/cm.   This  is  possibly  due  to  interconnection  with 
higher  conductivity  water  from  the  lower  aquifer. 

Quality  of  water  from  the  lower  aquifer  was  poorer  than  upper 
aquifer  water.   Water  from  G-S  D16,  G-S  D19,  and  G-S  D18  had 
relatively  stable  7-5  pH  average.   G-S  D 1 7  fluctuated  between 
6.0  and  7-3-   Temperature  from  G-S  D 1 9  water  increased  grad- 
ually from  1 7°C  to  19  C.   Temperatures  in  the  other  wells  fluc- 
tuated:  G-S  D16  ranged  from  2^°C  to  27°C  and  stabilized  at 
27°C  about  mid-test;  G-S  D17  ranged  from  about  13°  to  18°C; 
and  G-S  Dl8  ranged  from  a  stable  30  C  mid-test  to  a  fluctuating 
range  of  28°  to  30°C. 

Conductivity  from  G-S  D 1 7  water  was  generally  stable  at  1700 
umhos/cm.   G-S  D18  conductivity  stabilized  just  less  than  5000 
umhos/cm.   Higher  conductivities  are   probably  due  to  the  solu- 
tion of  leachable  salts  as  the  water  moves  through  the  aquifer. 
G-S  019  water  conductivity  gradually  increased  from  1800  umhos/cm 
to  2**00  umhos/cm.   G-S  Dl6  conductivity  gradually  dropped  from 
about  ^200  to  38OO  umhos/cm. 

Values  of  transmi ss i vi ty ,  T,  and  coefficients  of  storage,  S, 
for  the  pumped  hole  and  all  affected  observations  holes  were 
computer  calculated  using  the  simplified  Jacob's  method.   Raw 
Data,  Volume  3,  Section  1.2.3  contains  these  calculations. 
The  semi  logarithmic  plots  for  the  pumped  holes  and  monitor 
holes  are  presented  in  the  Interpretive  Text  Appendix.   The 
T's  and  S's  summarized  in  Table  1.2-10  are  an  arithmetic  mean 
of  the  representative  T's  and  S's  from  the  pumping  tests. 
The  average  T's  and  S's  given  in  the  text  for  the  upper  and 
lower  aquifers  are  an  arithmetic  mean  of  the  values  given  in 
Table  1.2-10. 

The  effects  of  the  upper  aquifer  pumping  tests  were  observed 
primarily  only  in  nearby  holes.   The  average  T  and  S  during  draw- 
downs were  15,316  gpd/foot  and  6.8  x  10  "'  respectively.   The 


RBOSP  PROGRESS  REPORT 


1 


u 
> 

o 
u 
u 

*L 

ro 

u 
U 

> 
< 


—        CM        CNJ 


—       CA      -3" 


cm     eg 


CM 

CO 

-3- 

— 

CM 

CM 

LA 

O 

9 

vO 

ca 

LA 

CM 

CTv 

CTV 

r^ 

vD 

O 

CA 

CA 

CO 

— 

la 

CA 

LTV 

vO 

-d" 

la 

r-^ 

o 

CM 

— 

CM 

CM 

—      CO      CO       o 

•—  —        CM 


CM 
CM 


O 
CM 


LA 

LA 

LA 

vO 

-d" 

LA 

-d" 

LA 

LA 

-d" 

-d" 

LU 

UJ 

LU 

LU 

LU 

LU 

LU 

LU 

LU 

LU 

LU 

vO 

— 

CM 

1          CM 

CM 

1          — 

•— 

vO 

co 

LA 

LA 

00 

(A 

CM 

i       r~-~ 

O 

1        CTv 

-d- 

r^- 

CA 

CM 

VO 

—         —        VO         LA        —  — 


—  o     co     — 

—  —        —        CM 


CM 
CM 


CA 

LA 

CM 

CA 

O 

. — 

O 

CM 

O 

-d- 

ca 

vO 

•— 

O 

vO 

co 

co 

■3F 

CO 

CA 

-d" 

CM 

CM 

CA 

LA 

— 

CM 

CM 

CM 

J" 

o 

CM 

0) 

CO 


c 
O 


CO 

^ V 

* — s 

^-— v 

^-** 

LU 

CM 

CA 

CA 

CA 

1- 

>- 

a: 

' — ' 

* — 

' 

' — 

CJ 

1 

LA 

LA 

-d- 

z 

co 

1 

1 

1 

LA 

— 

2: 

c 

LU 

LU 

LU 

1 

Q_ 

r> 

3 

I       vO 

— 

VO 

LU 

£ 

CO 

O 

1          CM 

CA 

O 

CA 

r> 

-0 

. 

• 

• 

• 

D_ 

3 

CO 

Li 
O 

0 

CT 
CO 

CM 

Jt 

CA 

U 

^-^ 

^—^ 

s — * 

, — , 

> 

CA 

J" 

-d- 

CA 

< 



' 

' — ' 

' 

I— 

r* 

CO 

_ 

CA 

I       vO 

3 

CO 

vO 

1      r«» 

t*\ 

CA 

r-^ 

r^ 

CA 

CM 

— 

1 — 

CM 

— 

CM 
CM 

r^ 

O 
CM 

CM 

CO 

-d- 

-d- 

LA 

-d- 

LA 

LU 
1        CA 

1        — 

LU 
CA 
O 

LU 

•— 
CM 

LU 

1         CO 

1      r*~. 

LU 

-d- 
0 

~-      _      vO 


—      CO 


CM 

r~^ 

wm 

CM 

CA 

CM 

CM 

CM 

•— 

1 — ' 



' 

CO 

CO 

r^- 

_ 

CO 

LA 

r— 

-d- 

1      -d" 

CA 

-d- 

CM 

LA 

1      0 

LA 

vO 

CM 

r^ 

r>. 

-d- 

CO 


0) 


CO 

> 

1_ 
0) 
w 
jO 
O 


l_ 

L- 

0) 

<U 

CD 

4- 

M- 

C 

.— 

< 

< 

< 

— 

—     0) 

3 

LA 

LA 

LA 

LA 

Z3 

a.  — 

cr 

O 

O 

O 

1 

CM 

O" 

vO 

vO 

hs 

r-» 

CO 

CA 

CA 

E    O 

< 

r-^ 

r^ 

t*«. 

-d" 

1 — 

CA 

< 

D    IC 

1 

1 

1 

1 

1 

1 

1 

1 

1 

■ 

1 

1 

1 

o_ 

L- 

LU 

LU 

LU 

co 

CO 

O 

u 

CO 

CO 

CO 

CO 

co 

co 

CO 

<D 

(_> 

<_) 

(_> 

<J 

CJ3 

h- 

0) 

<J3 

C3 

0 

C3 

CJ 

CJ 

0 

O. 

5 

o_ 

O 

o 

-o 
E 

C 


M 


13 


RCOSP  PROGRESS  REPORT 


kl 


average  T  and  S  during  recovery  were  16,909  gpd/foot  and 
5.97x10   respectively. 

Each  of  the  pumping  tests  of  the  lower  aquifer  generally 
affected  all  of  the  lower  aquifer  observation  holes  with  the 
exceptions  of  G-S  M2  and  G-S  M3.   The  lack  of  effect  in  these 
holes  is  probably  due  to  the  partial  penetration  of  the  lower 
aquifer  by  these  holes.   The  lower  aquifer  average  transmis- 
sivities  are  less  than  the  upper  aquifer  values,  with  an  aver- 
age  T  of  9572  gpd/foot  and  an  S  of  2.0x10   .   The  generally 
higher  values  of  transmi ssi vi ty  and  smaller  coefficients  of 
storage  during  recovery  than  during  drawdown  are  probably  due 
to  the  dewatering  of  the  upper  and  lower  aquifers  during  pump- 
ing, resulting  in  the  aquifer  never  fully  recovering  from 
pumping.   A  summary  of  the  transmi ss i vi ty  and  coefficients  of 
storage  is  presented  in  Table  1.2-10. 

Table  1.2-11  shows  transmi ss ivi ty  and  coefficient  of  storage 
values  for  individual  observation  hole.  Upper  aquifer  pumping 
of  CE  705A  resulted  in  drawdown  i n  TO  1  on  the  pump  hole  site 
and  in  CE  709-   The  average  T  and  S  during  drawdown  were 
23,557  gpd/foot  and  3-38x10  '  respectively.   The  average  T  and 
S  during  recovery  were  22,602  gpd/foot  and  3.13x10  '  respec- 
tively.  The  first  pumping  test  of  CE  705  was  suspended  because 
of  pump  wear.   A  larger  pump  was  installed  in  an  attempt  to 
affect  nearby  observation  wells.   The  second  test  ended  due  to 
generator  fai lure. 

Drawdown  during  the  pumping  of  G-S  k-S   upper  aquifer  was  observed 
only  in  the  production  hole.   The  average  T  was  51^+5  gpd/foot. 
The  recovery  value  was  5176  gpd/foot. 

The  pumping  of  G-S  12  upper  aquifer  affected  the  water  levels  in 
AM  2A,  AM  3,  and  G-S  11.   The  average  T  and  S  for  drawdown  were 
2381  gpd/foot  and  1.06x10   respectively.   During  recovery  the 
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TABLE    1.2-11 


A3 


TRANSKISSIVITY   £.   COEFFICIENT  OF   STORAGE 
FROM   UPPER  AQUIFER    DRAWDOWN   TEST 


Observa  t  ion 
Hole 

CE-705A 
264    qpm 

ce-: 

259 

'05A 
qpn 

T                     S 

T 

S 

AM-2A 

AM-3 

CE-702 

CE-705A 

513 
I+A2U 

19879 

4864 
17313 

-- 

CE-709 

22327       4.50E-5 

24770 

6.20E-5 

CS-2-3 

GS-4-5 

GS-6 

GS-ll 

GS-12 

i 

CS-M2 

63512 

7-27E-5 

TO-I 

3435       9.70E-4 
I4955       3-OOE-4 
105914       2.84E-7 

4188 
8212 
11797 

7.96E-4 
7.15E-8 

GS-4-5 
81.3   op"1 


5114 
3580 


GS-12 
64.3   qpm 


3831 
2628 


1989 
1156 
1614 

1453 


2.34E-4 
8.31E-5 


I.94E-6 
2.97E-6 
I.23E-6 


T0-3 
76-7  qon 


10743   5-94E-6 


1702   9.57E-5 


22858   1.97E-4 


TO-3 


108 

604 


FROM  UPPER  AQUIFER  RECOVERY  TEST 


CE-702 


2165   2.97E-3 

597?   2.72E-4 

17897   1.14E-9 


CE-705A 

6043 
12125 

— 

6415 
11955 

30041 

CE-709 

27829 

6.61E-5 

30417 

GS-4-5 

GS-6 

GS-ll 

GS-12 


5.49E-5 


5176 
2919 


6542   2.72E-6 
1431   2.74E-6 

8596 
1568 


23913   3-84E-4 


GS-M2 


TO-1 


TO-3 


4421  9-I2E-4 
6093  1.54E-4 
11015   2.68E-7 


15242  2.95E-5 

5865  2.96E-4 

14432  4.27E-9 

23865  5.65E-15 


100 
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-G 
average  T  and  S  were  7569  gpd/foot  and  2.72x10    respectively. 

Insufficient  recovery  data  were  obtained  from  AM  2A  and  AM  3- 

CE  701  was  pumped  with  a  15  hp  unit  at  60  gpm  on  February  5, 
1975,  and  resulted  in  the  hole  being  pumped  down.   The  pumping 
program  for  this  hole  was  terminated  due  to  poor  well  effi- 
ciency, probably  caused  by  hole  completion  problems. 

The  upper  aquifer  pumping  of  TO  3  resulted  in  drawdown  in  CE  702 
on  the  test  site  and  in  G-S  6.  The  very  low  value  of  T  for  TO  3 
compared  to  CE  702  is  probably  due  to  well  loss.  The  values  of 
T  and  S  for  CE  702  are  representative  of  aquifer  characteristics 
and  are  1 0 ,  7^-8  gpd/foot  and  5-9^+xlO  respectively  for  drawdown. 
A  value  of  17,897  gpd/foot  was  determined  for  recovery. 

There  appears  to  be  a  connection  between  the  upper  and  lower 
aquifers  in  the  northeast  corner  of  the  tract  in  the  area   of 
CE  702,  G-S  6,  and  TO  3,  indicated  by  the  drawdown  and  recovery 
of  the  upper  aquifer  during  the  pumping  tests  of  G-S  D19,  and 
G-S  D18  and  G-S  Dl 9  simultaneously. 

Tables  1.2-12  and  1.2-13  show  values  of  transmi ss i vi ty  and  coef- 
ficient of  storage  for  each  lower  aquifer  pumping  test. 

A  step  drawdown  test  of  lower  aquifer  G-S  D16  was  conducted  result- 
ing in  an  average  transmi ss ivi ty  of  15,538  gpd/foot.   The  average 

drawdown  T  and  S  for  the  long-term  drawdown  test  of  G-S  Dl 6  were 

-k 
6^58  gpd/foot  and  1.19x10   respectively.   Some  of  the  observation 

holes  had  insufficient  recovery  to  calculate  a  T  or  S. 

The  first  lower  aquifer  G-S  Dl 7  test  from  1/6/75  to  1/11/75  was 
conducted  without  previous  baseline  data  and  cannot  be  considered 
very  reliable.   The  test  was  terminated  with  the  failure  of  the 
generator.   The  results  of  the  second  test  of  G-S  D 1 7  from  1/18/75 
to  2/3/75  had  an  average  drawdown  T  and  S  of  75^7  gpd/foot  and 
6.21x10    respectively. 
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TABLE    1.2-12 


hS 


TRANSMISSIVITY   6    COEFFICIENT  OF  STORAGE 

FROM 

LOWER   AQUIFER    DRAWDOWN   TEST 


Observation 
Hole 

GS- 
17* 

016 

l  qpm 

GS- 
275 

017 

qpn 

GS- 
275 

017 

GS- 

667 

D19 

qpm 

GS- 

66; 

DI9 

qpm 

T 

S 

T 

s 

T 

S 

T 

S 

T 

S 

AM-2A 

21605 
577** 

2.68E-4 
3-99E-4 

8492 

4.91E-5 

19420 
10943 

5766 

7.08E-5 

1.13E-4 
1.48E-4 

17301 

8.03E-5 

AM-3 

14192 
6122 

2.62E-4 
4.0&E-4 

27533 
7615 

5.68E-5 
7.20E-5 

20520 

1 1499 

5952 

1.08E-4 
1.5IE-4 
I.88E-4 

20689 

I.23E-4 

CE-702 

24332 
7901 

4.I2E-5 
4.22E-5 

17335 

7.68E-5 

44047 
12951 

4.48E-5 
4.22E-5 

22204 

12633 

7755 

4.66E-5 
8.77E-5 
1.40E-4 

CE-707 

1 186 1 

6635 

I.92E-5 

3-3SE-5 

10687 
7205 

6.09E-5 
8.93E-5 

14292 
6936 

5.04E-5 
1. I1E-4 

12296 

5.91E-5 

CE-703 

13522 
6432 

317E-5 

6.04E-5 

12839 
7917 

5-63E-5 
6.92E-5 

14533 

10288 
5547 

8.66E-5 
I.42E-4 
2.05E-4 

13993 

1.00E-4 

CE-709 

7630 

6.99E-5 

9176 

1.73E-4 

19890 
8967 
6339 

4.68E-5 
5.75E-5 
8.53E-5 

14754 
9474 
5879 

9.97E-5 
I.76E-4 
3.13E-4 

11637 

I.02E-4 

GS-1 

12871 
6740 

2.26E-5 
3-53E-5 

10014 

5.23E-5 

8712 

8.33E-5 

18633 
11901 

6.01E-5 
793E-5 

18524 

S.89E-5 

GS-2-3 

1  27^*7 

6674 

3-32E-5 
4.5IE-5 

11556 

3.99E-5 

7534 

1  .01  F-*» 

12259 
6303 

5.I4E-5 
I.07E-4 

10827 

5.34E-5 

GS-4-5 

17487 
6742 

3.96E-5 
4.70E-5 

11757 

3.08E-5 

17322 

10555 

6972 

4.40E-5 
4.42E-5 
6.13E-5 

16221 

5.10E-5 

GS-6 

16546 
7002 

5.7IE-5 
5.36E-5 

19379 

I.89E-5 

15031 
8094 

3.21E-5 
4.32E-5 

20694 

10457 

6340 

5.34E-5 
I.I9E-5 
1.95E-4 

13377 

5.73E-5 

GS-8 

19394 
6327 

2.08E-4 
2.38E-4 

8543 

5479 

4.6IE-5 
5.95E-5 

12084 
5890 

5.26E-5 
I.27E-4 

11748 

6.03E-5 

GS-9 

6277 

6.83E-5 

9505 
5915 

6.14E-5 
8.62E-5 

17266 

12937 

5426 

1.65E-4 
2.47E-4 
5.79E-4 

13223 

2.I3E-4 

GS-IO 

20921 
6642 

5-29E-5 
7.69E-5 

11 354 

2.57E-5 

19622 

12122 

6523 

7.87E-5 
I.65E-4 
3-32E-4 

14995 

9.89E-5 

GS-11 

1*4031 
5775 

387E-5 
I.I6E-4 

7956 

3-49E-5 

17265 
11678 
4107 

4.78E-5 
I.04E-4 
9.23E-5 

17412 

5.46E-5 

GS-12 

8046 

21071 

5712 

2.81E-4 
5-  I'+E-'* 

1  .24E-4 

15123 

4790 

5.07E-5 
4.85E-5 

14719 

7-37E-5 

GS-13 

17415 
5915 

7.58E-5 
A.52E-4 

13565 

4798 

5.88E-5 
5-97E-5 

17370 
9024 
5494 

2.80E-4 
4.52E-4 
4.97E-4 

15070 

9.67E-5 

GS-15 

20057 
6225 

7.64E-5 
8.59E-5 

12079 

2.57E-5 

19629 

10289 

6052 

5.64E-5 
9.07E-5 
I.16E-4 

17111 

6.60E-5 

GS-Ml 

7800 

3-63E-5 

6408 

4.33E-5 

13233 

10005 

6286 

3.89E-5 
4.72E-5 
6.45E-5 

19483 

5.19E-5 

GS  -K4 

8304 

2.93E-5 

7137 

I.10E-4 

15172 
8293 

7.44E-5 
7.82E-5 

GS-DI6 

14260 

1.42E-4 

GS-DI7 

16375 
7040 

4.9E-5 
4.7E-5 

12176 
9321 
6553 

3.76E-5 
4.82E-5 
6.82E-5 

13023 

5.12E-5 

TO-I 

10477 
US'* 

1  .  1  3E-»* 
1  .Oi+E-4 

11336 

6520 

3.64E-5 
5.36E-5 

5300 
9235 
5233 

3.77E-2 
I.10E-2 
6.5SE-2 

14576 
10171 

1.66E-3 
5.63E-3 

TO-2 

24045 
7220 

3.95E-5 
4.37E-5 

5807 

3-71E-4 

5657 
8935 
4220 

1.20E-5 
4.04E-3 

17077 

10773 

6700 

3.93E-5 
4.99E-5 
7-53E-5 

11759 

4.76E-5 

RBOSP  PROGRESS 

... 

REPORT1 

-» 

TABLE    1.2-13 


h6 


TRAHSttlSSIVITY  t   COEFFICIENT   OF   STORAGE 

FROM 

LOWER  AQUIFER   RECOVERY    TEST 


Observation 
Hole 

GS-D16 

174  qpn 

GS-DI7 
275  qp^ 

GS-017 

275  <5pn 

GS- 
667 

013 

qpm 

GS- 

667 

D19 

opm 

T        S 

T        S 

T        S 

T 

S 

T 

S 

AM-2A 
AM-3 

46931    l.%2E-*t 

32694 
34339 

4.01E-5 
6.08E-5 

29344 
43274 

1  .l+l+E-U 

2.20E-4 

CE-702 

61477 

5-16E-5 

2902 

6723 

1^693 

4.09E-5 
3.28E-6 
3-79E-IO 

30114 

7.25E-5 

CE-707 

1*8873 

8.45E-6 

13502 

9.90E-5 

11260 

5-73E-5 

15734 

3.50E-5 

17372 

8.16E-5 

CE-708 

36173 

4.90E-6 

277314 

5-78E-^ 

21084 

5.64E-5 

18024 

4.29E-5 

20170 

1.38E-4 

CE-709 

68840 

3.79E-5 

28052 

1.5IE-4 

17931 

5.66E-5 

16920 

7-15E-5 

13226 

1.06E-4 

GS-1 

14827 

I .^3E-^ 

10205 
33509 

8.7IE-5 
3.57E-7 

26885 

4.92E-5 

26874 

1.I3E-4 

GS-2-3 

88655 

2.63E-6 

10379 
25921 

2.23E-4 
3-29E-5 

11338 

8.96E-5 

15528 

5.03E-5 

•  7943 

6.53E-5 

GS-4-5 

135333 

1.25E-5 

51931 

I.08E-2 

25961 

6.59E-5 

GS-6 

> 

29735 

9.29E-5 

20338 

1.16E-4 

26220 

8.59E-5 

GS-8 

50932 

2.66E-5 

143^9 

4.86E-5 

17193 

2.53E-5 

16594 

7.19E-5 

GS-9 

32329 

1.21 £-5 

140  78 

6.05E-5 

18291 

6.93E-5 

18922 

2.95E-4 

GS-IO 

14844 

6.59E-5 

22261 

6.73E-5 

25531 

I.02E-4 

GS-ll 

20082 

6.05E-6 

2034A 

9-8IE-5 

33516 

2.93E-5 

25284 

1 .04E-4 

GS-12 

6622 
19967 
32751 

1.81 E-U 

I.20E-4 
7.I6E-7 

6363 

2.30E-5 

48819 

2.95E-5 

28187 

3.33E-5 

24494 

9-70E-5 

GS-13 

6516 

3.04E-5 

35204 

2.61E-5 

25396 

3.30E-5 

21547 

1.I0E-4 

GS-15 

35075 

4.36E-5 

73282 
28166 

1 .32E-4 
1.28E-4 

GS-MI 

6939 

4.7IE-5 

24120 

3.70E-5 

18264 

7.76E-5 

GS-M4 

33820 

1.35E-4 

36986 

3.49E-4 

GS-DI7 

63363 

4.95E-5 

6854 

15603 

3.72E-5 

16162 

8.01E-5 

GS-DI9 

20170 

I.38E-4 

TO-I 

21722 

6.39E-5 

14942 

5.82E-5 

14780 

1.89E-3 

TO-2 


17743   6.68E-4 
61872   4.93E-5     8498   7.44E-5     7205   I.65E-4    16042   4.12E-5    16894   7.22E-5 
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the  pumping  test  of  G-S  D 1 8  was  conducted  simultaneously  with 
the  pumping  of  G-S  D 1 9  so  that  the  water  could  be  mixed  to  meet 
water  quality  discharge  requirements.   No  values  of  T  or  S  were 
calculated  for  the  drawdown  during  pumping  due  to  the  effects 
of  G-S  D 1 9  that  was  started  the  previous  day.   G-S  D 1 9  was  shut 
down  five  days  into  the  test  due  to  mechanical  failure,  but 
G-S  D 1 8  was  continued  since  water  quality  was  by  then  below 
the  maximum  limit  of  5000  umhos/cm  conductivity  set  by  the  oil 
shale  supervisor.   The  recovery  data  for  G-S  D 1 8  is  affected 
by  recovery  of  G-S  D 1 9 - 

The  average  T  and  S  during  the  pumping  of  lower  aquifer  G-S 
D 1 9  were  70^1  gpd/foot  and  1.78  x  10   respectively.   The  values 
of  G-S  D19  pumping  from  5/20/75  to  5/26/75  cannot  be  considered 
accurate  due  to  the  simultaneous  pumping  of  G-S  Dl8. 

Geophysical  well  logs  were  run  in  G-S  12  and  TO  1  during  pump- 
ing tests  to  determine  the  lower  aquifer  nature  on  a  foot-by- 
foot  basis.   These  logs  included:   temperature,  acoustic  flow, 
and  radio-active  tracer  surveys.   During  the  pumping  of  G-S 
D16  a  radio-active  tracer  was  run  in  G-S  12.   The  interpreta- 
tion of  this  log  is  inconclusive  as  to  where  water  may  be  flow- 
ing through  the  bore  hole.   During  the  pumping  of  G-S  D1 9 ,  all 
three  of  the  above-mentioned  logs  were  run. 
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Figure    1.2-27 
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Figure   1 .2-31 
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Figure    1.2-32 
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Figure    1.2-38 


1.2.7      DEEP  AQUIFER  MONITORING 

The  deep  aquifer  monitoring  program  consists  of  gathering  water 
level  and  water  temperature  data,  and  collecting  samples  for 
testing  of  various  chemical  constituents.   This  program  was 
initiated  in  December,  1 97^+-   Water  levels  were  monitored  daily 
on  all  the  observation  monitor  holes  using  wire-line  water- 
level  indicators  during  the  pump  testing.   These  water  level 
data  are   entitled  "Hydrographs"  and  are  included  in  the  appen- 
dix of  this  report.   Also,  water  levels  were  monitored  using 
continuous  pressure  recording  transducer  units  in  12  holes. 
The  water  quality  data  are  reported  on  the  computer  printout 
sheets  under  method  three  in  Volume  1,  Raw  Data.   A  summary  is 
presented  in  Table  1.2-15  in  Section  1.2.6. 

The  present  monitoring  program  consists  of  collecting  monthly 
samples  from  all  deep  monitor  holes,  and  monitoring  water  levels 
using  automatic  continuous  recording  transducer  units  and  wire- 
line water-level  indicators.   A  special  stainless  steel  sampler 
is  used  and  samples  are  analyzed  for  temperature,  conductivity 
and  pH  immediately  upon  withdrawal  from  the  hole.   Static  water 
levels  are  also  measured  using  a  wire-line  device  (Volume  1,  Raw 
Data).   Chemical  additives  are   used  to  preserve  samples  until 
delivery  to  the  analyzing  laboratory.   The  results  from  wet  chemi- 
cal and  spectrograph! c  analysis  is  computer  tabulated  and  printed 
(Volume  1,  Raw  Data).   An  associated  summary  sheet  showing  spe- 
cific constituent  ranges  and  averages  is  also  presented  (Table 
1 .2-9  in  Section  1 .2.6) . 

In  general,  the  water  quality  from  the  deep  aquifer  monitoring 
program  follows  the  results  gained  during  the  drilling  program. 
A  poorer  quality  area  appears  to  exist  in  the  northeastern  sec- 
tion of  the  tract  by  G-S  Dl8.   A  seasonal  spring  recharge  effect 
appears  to  be  apparent,  in  that  many  holes  in  both  lower  and  upper 
aquifers  show  drops  in  bicarbonate,  alkalinity  and  magnesium  con- 
tent.  Zinc  and  iron  concentrations,  however,  have  tended  to  in- 
crease since  initiation  of  sampling. 
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1.2.8      DATA  INPUT  TO  A  MATHEMATICAL  MODEL 

A  mathematical  model  has  been  selected.   This  model  will  be  used 
to  forecast  the  dewatering  and  production  rates  for  various  pump- 
ing and  mining  configurations.   The  data  input  to  the  model  will 
come  from  two  sources,  the  first  being  information  gained  from 
the  drilling  and  pump  testing  on  and  around  the  tract,  and  the 
second  being  the  data  published  for  the  basin  from  the  USGS.   At 
the  present  time,  the  mathematical  model  is  being  calibrated  using 
these  two  sources  of  data.   It  is  anticipated  that  by  the  next 
quarterly  report,  information  will  be  available  from  the  mathe- 
matical model. 
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1.2.9      THE  DEWATERING  ANALYSES 

The  dewatering  analyses  resulting  from  the  hydrologic  mathematical 
model  will  give  information  on  various  pumping  rates  for  various 
mining  configurations  at  various  times.   It  is  anticipated  that 
preliminary  information  will  be  available  for  the  next  quarterly 
report. 
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